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BGK Boltzmann 7 “
$\epsilon$
$\epsilon^{k}\ll Kn^{N}$ ( $N$ )
( Reynolds $Re$ )
Knudsen : (1)
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$\epsilon\sim Kn$ Reynolds $Re$ $O(1)$
$\epsilon$ Mach $Ma$ $Re\sim Ma/Kn$








$\tilde{k}\xi_{i}\frac{\partial\Phi^{B}}{\partial x:}=a_{21}(1+n^{A})(\Phi_{e}^{BA}-\Phi^{B})+\tilde{k}b\tilde{a}_{22}\hat{N}^{B}(\Phi_{e}^{B}-\Phi^{B})$ , (2.2)






$E(1+ \phi_{e}^{A})=\pi^{-3/2}\frac{(1+n^{A})}{(1+\tau^{A})^{3/2}}\exp\{-\frac{(\xi_{i}-u_{i}^{A})^{2}}{1+\tau^{A}}\}$ , (2.7)
$\tilde{E}\Phi_{e}^{B}=(\frac{\pi}{M})^{-3/2}\frac{\hat{N}^{B}}{(1+\tau^{B})^{3/2}}\exp\{-\frac{M(\xi_{i}-u_{i}^{B})^{2}}{1+\tau^{B}}\}$ , (2.8)
$\phi_{e}^{AB}=\phi_{e}^{A}(n^{A}=n^{A}, u_{i}^{A}=u_{i}^{AB}, \tau^{A}=\tau^{AB})$ , (2.9)





$M= \frac{m_{B}}{m_{A}}$ $\mu_{A}=\frac{m_{A}}{m_{A}+m_{B}}$ $\mu_{B}=\frac{m_{B}}{m_{A}+m_{B}}$ $a_{21}= \frac{\kappa_{AB}}{\kappa_{AA}}$ $\tilde{a}_{22}=\frac{\kappa_{BB}}{\kappa_{AA}}$
$E=\pi^{-3/2}\exp(-\xi^{2})$ , $\tilde{E}=(\pi/M)^{-3/2}\exp(-M\xi^{2})$ , $\xi^{2}=\xi_{i}\xi_{i}$ ,
$\tilde{k}=\frac{\sqrt{\pi}}{2}Kn$ , $Kn= \frac{\sim l^{A}}{L}$ $l^{A} \sim=\frac{(8R_{A}T_{0}/\pi)^{1/2}}{N_{0^{A}}\kappa_{AA}}$ (2.14)
$f^{A}=N_{0}^{A}(2R_{A}T_{0})^{-3/2}E(1+\phi^{A})$ $f^{B}=N_{0}^{B}(2R_{A}T_{0})^{-3/2}\tilde{E}\Phi^{B}$ A
$B$ $\overline{\xi}_{i}=(2R_{A}T_{0})^{1/2}\xi_{i}$ $X_{i}=Lx$ ;




$T^{B}=T_{0}(1+\tau^{B}),$ $N^{B}=N_{0}^{B}\hat{N}^{B},$ $P^{B}=P_{0}^{B}\hat{P}^{B}$ $B$
$F_{e}^{A}=N_{0}^{A}(2R_{A}T_{0})^{-3/2}E(1+\phi_{e}^{A})$ $F_{e}^{AB}=N_{0}^{A}(2R_{A}T_{0})^{-3/2}E(1+\phi_{e}^{AB})$ A
$F_{e^{B}}=N_{0}^{B}(2R_{A}T_{0})^{-3/2}\tilde{E}\Phi_{e}^{B}$ $F_{e^{BA}}=N_{0}^{B}(2R_{A}T_{0})^{-3/2}\tilde{E}\Phi_{e}^{BA}$ $B$
A $\kappa_{AA},$ $\kappa_{BB},$ $\kappa_{AB}$
$S(S=A,B)$ $\eta^{S}$
$D_{AB}$
$\eta^{A}=\frac{P_{0}^{A}}{N_{0}^{A}\kappa_{AA}}$ $\eta^{B}=\frac{P_{0}^{B}}{N_{0}^{B}\kappa_{BB}}$ $D_{AB}= \frac{(m_{A}+m_{B})kT_{0}}{m_{A}m_{B}(N_{0}^{A}+N_{0}^{B})\kappa_{AB}}$,
1-4,7 $m_{A}$ $m_{B}$ A $B$ $R_{A}$
A $k$ Boltzmann To $N_{0}^{S}$ $P_{0}^{S}$
$S$ $b$ $b\tilde{k}=N_{0}^{B}/N_{0}^{A}$





$\phi^{A}=\phi_{W}^{A}\equiv\phi_{e}^{A}(n^{A}=n_{W}^{A}, u_{i}^{A}=u_{iW}, \tau^{A}=\tau_{W})$ , (2.15)
$\Phi^{B}=\Phi_{W}^{B}\equiv\Phi_{e}^{B}(\hat{N}^{B}=\hat{N}_{W}^{B}, u_{i}^{B}=u_{iW}, \tau^{B}=\tau_{W})$, (2.16)
$F_{W}^{A}=N_{0}^{A}(2R_{A}T_{0})^{-3/2}E(1+\phi_{W}^{A}),$ $F_{W}^{B}=N_{0}^{B}(2R_{A}T_{O})^{-3/2}\tilde{E}\Phi_{W}^{B}$
A $B$ $U_{iW}=(2R_{A}T_{0})^{1/2}u_{iW}$ ,




$n_{W}^{A}=( \gamma-1)\tau_{W}+(\frac{1}{2}\gamma^{2}-2\gamma+1)\tau_{W}^{2}+\ldots$ , $(2.17a)$



















$\hat{G}$ Knudsen $(\tilde{k}\ll 1)$
$g$
$\hat{G}$ :
$g=g_{H}(x_{i})+g_{K}(\eta, \zeta_{1}, \zeta_{2})$ , $\hat{G}=\hat{G}_{H}(x_{i})+\hat{G}_{K}(\eta, \zeta_{1}, \zeta_{2})$ ,
$\aleph$
(3.1)
$\tilde{\text{ }}\eta n_{i}=x;-x_{iW}(\zeta_{1}, \zeta_{2})$ , (3.2)
$g_{H}$




($g_{K},\hat{G}_{K}arrow 0$ as $\etaarrow\infty$ ) $x_{iW}(\zeta_{1}, \zeta_{2})$ $\eta$ $n_{i}$
$\zeta_{1},$ $\zeta_{2}$ $\eta=const$ .
$a_{21},\tilde{a}_{22}\sim O(1)$ $N_{0}^{B}/N_{0}^{A}\sim O(\tilde{k})$ \tilde
:
$g_{H}=\tilde{k}g_{H1}+\tilde{\text{ }}^{2}g_{H2}+\ldots$ , $g_{K}=\tilde{k}g_{K1}+\tilde{\text{ }}^{2}g_{K2}+\ldots$ , (3.3)
, $\hat{G}_{H}=\hat{G}_{H0}+\tilde{\text{ }}\hat{G}_{H1}+,$ . :’ $\hat{G}_{K}=\hat{G}_{K0}+\tilde{k}\hat{G}_{K1}+$ . . $,$ , (3.4)
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$\frac{\partial p_{H1}}{\partial x_{i}}=0$ , (4.1)
$\frac{\partial u_{iH1}^{A}}{\partial x_{i}}=0$ , (4.2)
$u_{jH1}^{A} \frac{\partial u_{iH1}^{A}}{\partial x_{j}}=-\frac{1}{2}\frac{\partial p_{H2}}{\partial x_{i}}+\frac{1}{2}\triangle u_{iH1}^{A}$ , (4.3)
$u_{jH1}^{A} \frac{\partial\tau_{H1}^{A}}{\partial x_{j}}=\frac{1}{2}\triangle\tau_{H1}^{A}$ , (4.4)
$u_{jH1}^{A} \frac{\partial p_{H1}^{A}}{\partial x_{j}}=\frac{1}{2\mu_{B}a_{21}}\triangle p_{H1}^{A}$ , (4.5)
$n_{H1}^{A}=p_{H1}^{A}-\tau_{H1}^{A}$ , (4.6)
$\hat{N}_{H_{1}0iH_{B^{H0}}}^{B}u=u_{iH1}^{1}\hat{N}_{iH1}^{B}u=\hat{N}_{\tau_{H1}^{H_{A}0}}^{B}u_{iH1}+^{H1}\frac{1}{2\mu_{B}ba_{21}’}\frac{\partial p_{H1}^{A}}{\partial x_{i}}T_{H^{H0_{=^{=_{B}}\tau_{H1}^{\hat{P}_{A}^{B}}=^{=1+_{A^{\frac{1}{b}}}(p-p_{H1}^{A})}}}}.\}$ (4.7)
2
$\frac{\partial}{\partial x_{i}}(u_{iH2}^{A}+n_{H1}^{A}u_{?}^{A_{H1}})=0$, (4.8)
$u_{jH1}^{A} \frac{\partial u_{iH2}^{A}}{\partial x_{j}}+(u_{jH2}^{A}+n_{H1}^{A}u_{jH1}^{A})\frac{\partial u_{iH1}^{A}}{\partial x_{j}}+Mb\hat{N}_{H0}^{B}u_{jH1}^{B}\frac{\partial u_{iH1}^{B}}{\partial x_{j}}=-\frac{1}{2}\frac{\partial}{\partial x_{i}}(p_{H3}-bp_{H2})$
$+ \frac{1}{2}\frac{\partial}{\partial x_{j}}(e_{ijH2}^{A}-\frac{1}{3}\delta_{ij}e_{l}^{A_{lH2}})+\frac{1}{2}\frac{\partial}{\partial x_{j}}[(\tau_{H1}^{A}-ba_{21}\hat{N}_{H0}^{B}+\frac{b}{a_{21}}\hat{N}_{H0}^{B})e_{ijH1}^{A}]$
$+ \frac{b}{4a_{21}}$ [$1-\mu_{B}$ ( $a_{21}$ $1$ )] $\frac{\partial}{\partial x_{j}}[\hat{N}_{H0}^{B}(e_{ijH1}^{B}-\frac{1}{3}\delta_{ij}e_{llH1}^{B})-\hat{N}_{H0}^{B}e_{ijH1}^{A}]$
$- \frac{1}{3}\frac{\partial}{\partial x_{i}}\triangle\tau_{H1}^{A}+\frac{(1+Ma_{21})}{2Ma_{21^{2}}}\frac{\partial}{\partial x_{i}}\triangle p_{H1}^{A}$ , (4.9)
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$u_{jH1}^{A} \frac{\partial\tau_{H2}^{A}}{\partial x_{j}}+(u_{jH2}^{A}+n_{H1}^{A}u_{jH1}^{A}+b\hat{N}_{H0}^{B}u_{jH1}^{B})\frac{\partial\tau_{H1}^{A}}{\partial x_{j}}-\frac{2}{5}u_{jH1}^{A}\frac{\partial p_{H2}}{\partial x_{j}}$
$= \frac{1}{2}\triangle\tau_{H2}^{A}+\frac{1}{2}\frac{\partial}{\partial x_{j}}\{[\tau_{H1}^{A}-(ba_{21}-\frac{b}{Ma_{21}})\hat{N}_{H0}^{B}]\frac{\partial\tau_{H1}^{A}}{\partial x_{j}}\}+\frac{1}{5}e_{ijH1}^{A}e_{ijH1}^{A},$ $(4.10)$
$u_{jH1}^{A} \frac{\partial p_{H2}^{A}}{\partial x_{j}}+(u_{jH2}^{A}+n_{H1}^{A}u_{jH1}^{A}+b\hat{N}_{H0}^{B}u_{jH1}^{B})\frac{\partial p_{H1}^{A}}{\partial x_{j}}-u_{jH1}^{A}\frac{\partial p_{H2}}{\partial x_{j}}$





Hilbert $u_{iH},$ $\tau_{H},$ $p_{H}$ (3.3) $e_{i}^{S_{jHm}}(m=1,2, \ldots)$
$e_{i}^{S_{jHm}}=(\partial u^{\dot{S}_{Hm}}/\partial x_{j}+\partial u_{j}^{S_{Hm}}/\partial x_{i})$ $u_{iHm}^{S}$ $\triangle$











$(u_{iH2}^{A}-u_{iW2})t_{i}=- \text{ _{}0}e_{ijH1}^{A}n_{i}t_{j}-K_{1}t_{j}\frac{\partial\tau_{H1}^{A}}{\partial x_{j}}+K_{2}t_{j}\frac{\partial}{\partial x_{j}}(u_{iH1}^{A}n_{i})-\tilde{k}^{A}t_{j}\frac{\partial p_{H1}^{A}}{\partial x_{j}},$ $(5.3a)$
$\hat{N}_{H0}^{B}(u_{iH2}^{A}+n_{H1}^{A}u_{iH1}^{A})n_{i}=\frac{1}{2\mu_{B}a_{21}}n_{i}\frac{\partial\hat{P}_{H1}^{B}}{\partial x_{i}}-(\hat{P}_{H1}^{B}-\hat{N}_{H0}^{B}\tau_{H1}^{A})u_{iH1}^{A}n_{i}$




$C_{4}^{*}=-2.132039,$ $d_{4}^{*}=-0.446749,$ $k_{0}=-1.016191,$ $K_{1}=-0.383161,$ $K_{2}=$
$-0.795186,$ $C_{1}=0.558437,$ $d_{1}=1.302716,$ $C_{7}^{*}=C_{7}+2C_{6}=1.261137,$ $d_{7}^{*}=d_{7}+2d_{6}=$
0.529115, $C_{8}^{*}=C_{8}-\beta_{4}^{*}C_{4}^{*}=-1.273029,$ $d_{8}^{*}=d_{8}-\beta_{4}^{*}d_{4}^{*}=-0.7557336$,
$\delta_{p}^{B}\equiv\alpha\int_{0}^{\infty}\tilde{Y}_{p}^{B}(\alpha\zeta_{0})d\zeta_{0}$ , $\alpha=a_{21^{\sqrt{M}}}$,
$\beta_{4}^{*}=C_{4}^{*}-d_{4}^{*}=-1.685289$ $u_{iW},$ $\tau_{W},$ $p_{W}^{A}$
$u_{iW}=\tilde{\text{ }}u_{iW1}+\tilde{\text{ }}^{2}u_{iW2}+\ldots$ ,
0, $K_{1},$ $K_{2},$ $d_{4}^{*}$ ’ $C_{4}^{*},$ $d_{1},$ $C_{1},$ $d_{6},$ $C_{6},$ $d_{7},$ $C_{7},$ $d_{8},$ $C_{8}$
11 16 $\tilde{k}^{A},$ $d_{10},$ $C_{10}$ $m_{B}/m_{A}$
$a_{21}$
Table 1 $\kappa_{AA}=\kappa_{AB},$ $m_{B}/m_{A}=0.5,1.0,2.0$
$\delta_{p^{B}}$ $\tilde{Y}_{p}^{B}$ $m_{B}/m_{A}$ 8








$\hat{N}_{K0}^{B}=\hat{P}_{K0}^{B}\equiv 0$ , (6.1)
$u_{iK1}^{A}t_{i}=u_{iK1}^{A}n_{i}\equiv 0$, (6.2)
$\hat{N}_{H0}^{B}u_{iK1}^{B}t_{i}=-\frac{1}{2\mu_{B}ba_{21}}t_{j}\frac{\partial p_{H1}^{A}}{\partial x_{j}}\tilde{Y}_{p}^{B}(\alpha\zeta)$ , $(6.3a)$




$u_{iK2}^{A}t_{i}=-e_{ijH1}^{A}n_{i}t_{j}Y_{0}( \zeta)-\frac{1}{2}t_{j}\frac{\partial\tau_{H1}^{A}}{\partial x_{j}}Y_{1}(\zeta)+t_{j}\frac{\partial}{\partial x_{j}}(u_{iH1}^{A}n_{i})[2^{\backslash }Y_{0}(\zeta)+\frac{c1}{2}d_{4}^{*}Y_{1}(\zeta)]$
$-t_{j} \frac{\partial p_{H1}^{A}}{\partial x_{j}}\tilde{Y}^{A}(\zeta)$ , $(6.6a)$
$u_{iK2}^{A}n_{1}=-(u_{iH1}^{A}n_{i})^{2}\Omega_{4}^{*}(\zeta)$ , $(6.6b)$
$\hat{N}_{H0}^{B}u_{iK2}^{B}n_{i}=-\frac{1}{2\mu_{B}ba_{21}}[\triangle p_{H1}^{A}-n_{i}n_{j}\frac{\partial^{2}p_{H1}^{A}}{\partial x_{i}\partial x_{j}}-2\overline{\kappa}n_{i}\frac{\partial p_{H1}^{A}}{\partial x_{i}}]\int_{\zeta}^{\infty}\tilde{Y}_{p}^{B}(\alpha\zeta_{0})d\zeta_{0}$ , (6.7)




$=\eta+\tilde{\text{ }}$ { $[(C_{4}^{*}-I_{4})u^{A_{H1}}:n_{i}+p_{W1}^{A}-\tau_{W1}]\eta+u^{A_{H1}}$:ni $\int_{0}^{\eta}\Omega_{4}^{*}(\zeta_{0})d\zeta_{0}$ }, (6.9)
$\Omega_{7}^{*}=2\Omega_{6}+\Omega_{7}$ , $\Theta_{7}^{*}=2\Theta_{6}+\Theta_{7}$ , $\Omega_{8}^{*}=\Omega_{8}-\beta_{4}^{*}\Omega_{4}^{*}$ , $\Theta_{8}^{*}=\Theta_{8}-\beta_{4}^{*}\Theta_{4}^{*}$ ,
$\Omega_{9}^{*}=\Omega_{9}+\Omega_{4}^{*}$ , $\Theta_{9}^{*}=\Theta_{9}+\Theta_{4}^{*}$ , $\Pi_{4}^{*}=\Omega_{4}^{*}+\Theta_{4}^{*}$ , $\Pi_{4}^{B}^{\sim}=\tilde{\Omega}_{4}^{B}+\tilde{\Theta}_{4}^{B}$ , $\Pi_{1}=\Omega_{1}+\Theta_{1}$ ,
9
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$\Pi_{7}^{*}=\Omega_{7}^{*}+\Theta_{7}^{*}$ , $II_{8}^{*}=\Pi_{8}-\beta_{4}^{*}\Pi_{4}^{*}$ , $\Pi_{9}^{*}=\Pi_{9}+\Pi_{4}^{*},$ $\Pi_{10}=\Omega_{10}+\Theta_{10}$ ,
$\Pi_{8}=\Omega_{8}+\Theta_{8}+\beta_{4}^{*}\Theta_{4}^{*}+(d_{4}^{*}+\Theta_{4}^{*})\Omega_{4)}^{*}$ $\Pi_{9}=\Omega_{9}+\Theta_{9}+\Omega_{4}^{*}-\Theta_{4}^{*}$ .
$Y_{0},$ $Y_{1},$ $\Omega_{4}^{*},$ $\Theta_{4}^{*},$ $\Omega_{1},$ $\Theta_{1},$ $\Omega_{6},$ $\Theta_{6},$ $\Omega_{7},$ $\Theta_{7},$ $\Omega_{8},$ $\Theta_{8},$ $\Omega_{9},$ $\Theta_{9}$ $\zeta$
11,16 $\tilde{\Omega}_{4}^{B}$ ’ $\tilde{\Theta}_{4}^{B},\tilde{Y}^{A},$ $\Omega_{10},$ $\Theta_{10}$
$m_{B}/m_{A}$ $a_{21}$
2 $\alpha\zeta$ 3 $\zeta$ $\zetaarrow\infty$
$0$ $\tilde{\Omega}_{4}^{B}$ $\tilde{\Theta}_{4}^{B}$ $\tilde{Y}_{p^{B}}$ 8 $\tilde{Y}^{A}$ ,







$P_{ijH}^{A}= \tilde{k}p_{H1}^{A}\delta_{ij}+\tilde{\text{ }}^{2}(p_{H2}^{A}\delta_{ij}-e_{ijH1}^{A})+\tilde{\text{ }}^{3}\{p_{H3}^{A}\delta_{ij}-(e_{ijH2}^{A}-\frac{1}{3}\delta_{ij}e_{llH2}^{A})$
$-[ \tau_{H1}^{A}+b(\frac{1}{2}\mu_{B}-a_{21})\hat{N}_{H0}^{B}]e_{ijH1}^{A}+\frac{1}{2}b\mu_{B}\hat{N}_{H0}^{B}(e_{ijH1}^{B}-\frac{1}{3}\delta_{ij}e_{llH1}^{B})$
$+( \frac{\partial^{2}\tau_{H1}^{A}}{\partial x_{i}\partial x_{j}}-\frac{1}{3}\delta_{ij}\triangle\tau_{H1}^{A})-\frac{1}{2a_{21}}(\frac{\partial^{2}p_{H1}^{A}}{\partial x_{i}\partial x_{j}}-\frac{1}{3}\delta_{ij}\triangle p_{H1}^{A})\}$ , (7.1)
$\hat{P}_{ijH}^{B}=\hat{P}_{H0}^{B}\delta_{ij}+\tilde{k}\hat{P}_{H1}^{B}\delta_{ij}+\tilde{\text{ }}^{2}[\hat{P}_{H2}^{B}\delta_{ij}-(1-\frac{1}{2}\mu_{A})\frac{1}{a_{21}}\hat{N}_{H0}^{B}(e_{ijH1}^{B}-\frac{1}{3}\delta_{ij}e_{llH1}^{B})$
$- \frac{1}{2}\mu_{A}\frac{1}{a_{21}}\hat{N}_{H0}^{B}e_{i}^{A_{jH1}}-\frac{1}{2bMa_{21}^{2}}(\frac{\partial^{2}p_{H1}^{A}}{\partial x_{i}\partial x_{j}}-\frac{1}{3}\delta_{ij}\triangle p_{H1}^{A})]$ , (7.2)
$Q_{iH}^{A}=- \frac{5}{4}\tilde{\text{ }}^{2}\{\frac{\partial\tau_{H1}^{A}}{\partial x_{i}}+\tilde{k}[\frac{\partial\tau_{H2}^{A}}{\partial x_{i}}+(\tau_{H1}^{A}-ba_{21}\hat{N}_{H0}^{B})\frac{\partial\tau_{H1}^{A}}{\partial x_{i}}-\frac{2}{5}\triangle u_{iH1}^{A}]\}$ , (7.3)
$\hat{Q}_{iH}^{B}=-\frac{5}{4}\tilde{k}^{2}\frac{1}{Ma_{21}}\hat{N}_{H0}^{B}\frac{\partial\tau_{H1}^{B}}{\partial x_{i}}$ . (7.4)
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$=m_{A}N_{0}^{A}(2R_{A}T_{0})^{1/2}$ [ $\tilde{\text{ }}u_{iH1}^{A}n_{i}+$ 2 $(u_{iH2}^{A}+n_{H1}^{A}u_{iH1}^{A})n:+O(\tilde{k}^{3})$ ] .
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$d_{10}$ $C_{10}$ $\tilde{Y}^{A}(0)$ $\Omega_{10}(0)$ $\Theta_{10}(0)$
0.5 1.30586 167983 0.28461 -0.8472 1.1517 -0.9982
1.0 1.00000 133448 0.24993 -0.5858 0.8694 -0.7105
20 086601 1.14527 022196 -0.4624 07304 $- 05703$
Table 2
$m_{B}/m_{A}$ $\delta_{p}^{B}$ $\tilde{Y}_{p}^{B}(0)$
0.5 0.38985 0.55051
1.0 0.48711 0.58579
2.0 0.66035 0.63397
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